Objectives-To estimate intraobserver and interobserver reproducibility for assigning an International Endometrial Tumor Analysis (IETA) group color score for endometrial vascularization on color Doppler imaging.
U ltrasound has become an important tool for the assessment of endometrial disorders. 1 Endometrial thickness measurement is an easy and reproducible method for ruling out the presence of endometrial lesions. 2, 3 However, a thickened endometrium is a nonspecific finding. 4 For this reason, the use of color or power Doppler mapping has been advocated for increasing specificity and "specific lesions" of color mapping, such as endometrial polyps, hyperplasia, and cancer, has been proposed. [5] [6] [7] However, these patterns have shown just moderate reproducibility, even in experienced hands. 8, 9 In 2010, the International Endometrial Tumor Analysis (IETA) group proposed a simpler approach for assessing the amount of flow within the endometrium, the so-called IETA color score. 10 This score is based on the subjective impression of the examiner regarding the amount of endometrial color signals, and it is graded as a score of 1 (no flow), 2 (minimal flow), 3 (moderate flow), or 4 (abundant flow). The amount of color signals is related to the amount of blood vessels within the endometrium and, therefore, might reflect angiogenic phenomena in different endometrial disorders. This color score might be useful in clinical practice, since, theoretically, the higher the score, the higher the probability of malignancy. On the contrary, the lower the score, the lower the probability of malignancy. The addition of the color score to endometrial thickness might increase the specificity of transvaginal ultrasound.
This score is appealing because of its apparent simplicity. However, to the best of our knowledge, no study has been reported analyzing its reproducibility. The aim of this study was to assess the reproducibility of the IETA color score among different examiners with different levels of expertise using images from stored 3-dimensional (3D) volumes from the endometrium.
Materials and Methods
Eight examiners with different levels of experience in gynecologic ultrasound (4 skilled examiners and 4 obstetric and gynecologic trainees) were provided with a set of 68 anonymized 3D volumes of the uterus including the whole uterine cavity (endometrium and any intracavitary lesion) from a nonconsecutive series of 68 corresponding women who attended a tertiary care hospital with the clinical suspicion of an endometrial disorder (abnormal uterine bleeding). Due to the retrospective design and anonymization, Institutional Review Board approval was waived. The study was performed between January 2015 and March 2015.
All volumes were acquired by a single expert examiner (M.
A.P.). All women were examined with a Voluson E8 ultrasound system (GE Healthcare, Milwaukee, WI) using a 5-9-MHz transvaginal probe. In all cases, the same Doppler settings were used (window angle, 708; pulse repetition frequency, 0.6 kHz; gain, 0.2; frequency, mid; quality, normal; wall motion filter, low 1; smooth, 3/5; ensemble, 10; and flow resolution, mid 2).
The series was nonconsecutive, since the examiner selected all 68 cases with a balanced number of IETA color scores (17 cases for each IETA color score) according to her subjective impression. This examiner did not participate in the assessment of reproducibility.
Histologic diagnoses from the cases included were as follows: proliferative endometrium, 16 (23.5%); secretory endometrium, 9 (13.2%); atrophic endometrium, 1 (1.5%); endometrial polyp, 19 (27.9%); endometrial hyperplasia, 5 (7.4%); submucous myoma, 3 (4.4%); endometrial cancer, 12 (17.6%); and retained products of conception, 3 (4.4%).
As stated above, all 3D volumes were analyzed by 8 examiners. Four examiners were gynecologists (J.L.A., S.G., S.A., and B.G.) with 10 to 25 years' experience in gynecologic ultrasound and a special interest in endometrial pathology. Four examiners were obstetric and gynecologic trainees (C.d.L., L.J., A.P., and P.F.) with less than 2 years of experience in gynecologic ultrasound. Before starting this study, all examiners read the original article from the IETA group, 10 and all trainees had very a short theoretical course about the IETA color score with sample cases by one of the expert examiners.
Each examiner had to assess all uterine 3D volumes using dedicated software (4D View, GE Healthcare, Zipf, Austria). The examiners were instructed to use tomographic ultrasound imaging from the coronal plane to assess the amount of flow and assign the IETA color score in each case (Figures 1-4 ). Examiners' evaluations were subjectively based on explanations given in the original article.
The examiners were unaware of how many cases of each IETA color score were within the set as well as the histologic diagnoses. All examiners performed the evaluation blinded each other.
To analyze intraobserver agreement, all examiners evaluated the set of volumes twice, 4 weeks apart. To assess interobserver agreement, the second assessment by each examiner was used. Reproducibility was assessed by the linear weighted j index with its corresponding 95% confidence interval and percentage of agreement. 11 We also calculated agreement for all 4 experts and for all for trainees by using the j index for multiple observers. 12 A j value of 0.20 or less indicates poor agreement; 0.21 to 0.40 indicates fair agreement; 0.41to 0.60 indicates moderate agreement; 0.61 to 0.80 indicates good agreement; and 0.81 to 1.00 indicates very good agreement. 11 GraphPad QuickCalcs software (GraphPad Software Inc, La Jolla, CA) was used to calculate the j and weighted indices. SASTM 9.3 software (SAS Institute Inc, Cary, NC) was used for j calculation for multiple observers with multicategorical ratings
Results
As stated above, among the 68 3D volumes, there were 17 cases of each IETA color score according to the examiner who performed the selection. Intraobserver agreement was very good for all examiners (weighted j index ranged from 0.84-0.91; Table 1 ). Interobserver agreement was good or very good for all pair comparisons, regardless the level of experience (weighted j index ranged from 0.77-0.96; Table 2 ). Agreement for all 4 experts (j5 0.76) and for all for trainees (j 5 0.81) was good.
The results for IETA scores assigned by all 8 examiners according to pathologic type are show in Table 3 . To analyze the global agreement for assigning the color score to a specific histologic result, we considered the number of each histologic result multiplied by the total number of examiners. 8 Thus
We observed that most examiners agreed in assigning a color score of 1 or 2 when the histologic result was proliferative endometrium (96.6%). This finding was Alc azar et al-IETA Color Score for Flow Within the Endometrium also the case for endometrial atrophy (100% agreement). Agreement was also very high for assigning a color score of 3 or 4 in cases of retained products of conception (100%) and submucous myoma (100%). However, in case of secretory endometrium, the examiners assigned a color score of 1 in 18.0% of the cases, 2 in 32.0%, 3 in 40.3%, and 4 in 9.7%.
For endometrial polyps, examiners assigned a color score of 1 or 2 in 80.3% of the cases 3 or 4 in 19.7%. For endometrial hyperplasia, a color score of 3 or 4 was assigned in 40% of the instances. Endometrial carcinoma was assigned a color score of 3 or 4 in 77.2% of the cases.
Discussion
In this study, we evaluated the reproducibility of the IETA color score for the assessment of endometrial vascularization with color Doppler imaging using 3D uterine volumes. We found that both intraobserver and interobserver agreement among different examiners was good or very good, regardless the experience of the examiner.
The main strength of our study is that, to the best of our knowledge, we provide data regarding the reproducibility of the IETA color score for the first time. A second strength was the number of cases assessed (with a balanced number of each IETA score) and the number of examiners involved. The assessment of reproducibility is essential for any diagnostic method before it is introduced into clinical practice, especially when this method is based on a subjective analysis by the examiner performing the test. The method could have good diagnostic performance, but if reproducibility is low, its use cannot be generalized. Our data confirm that this color score is reproducible and could be introduced into clinical practice.
Our study also had limitations. The main limitation was that we used stored 3D volumes and not-real time ultrasound images. This limitation is important, since it means that the examiner could not modify machine color settings to assess color Doppler signals. It is well known that machine color settings, such as gain and pulse repetition frequency, substantially affect the color map displayed over the region of interest. 13 Furthermore, the use of an expert examiner using adequate machine settings to select studies would unquestionable skew that data in the direction of better examples of disorders as opposed to a more random consecutive approach. This factor could explain the high Alc azar et al-IETA Color Score for Flow Within the Endometrium agreement observed among observers. In real-time ultrasound examinations, in which the examiner has to manage machine settings, the reproducibility would probably be poorer, especially for nonexpert examiners. Additionally, the use of the score only, without involvement of the color pattern, was a considerable limiting factor in the evaluation of disorders. One single study prospectively evaluated the power Doppler criteria proposed by the IETA group for assessing endometrial vascularization in women with suspected endometrial disorders. Kabil Kucur et al 14 evaluated 97 women with clinical suspicion of endometrial lesions. Histologically, of the 97 women, 39 had endometrial polyps; 9 had endometrial hyperplasia; 10 had submucous myoma; 7 had endometrial cancer; and 32 had "other nonspecific pathologies." They did not find statistically significant differences in the color score among different pathologic types. One single examiner performed all examinations, but intraobserver reproducibility was not assessed. Interestingly, only 57% of women with endometrial cancer had a color score of 3 or 4, whereas up to 89% of women with hyperplasia, 79.5% of women with endometrial polyps, and 80% of women with submucous myoma had a color score of 3 or 4. These findings would indicate that the IETA color score would be poor parameter for distinguishing endometrial cancer from other benign lesions. Our data, considering all assignments by all 8 examiners, were rather different. We found that malignant lesions were assigned a color score of 3 or 4 up to 77% of the time. Endometrial polyps were frequently (80.3%) assigned a color score of 1 or 2 by all examiners, as were proliferative and atrophic endometrium. Secretory endometrium was assigned a color score of 3 or 4 in 50% of the cases. This finding scan be easily explained by the fact the angiogenesis is a well-known phenomenon in this type of endometrium.
Endometrial hyperplasia was more frequently assigned a color score of 2. Certainly, as did Kabul Kucur et al, 14 we found that virtually all cases of myoma (only 3 cases, in fact) were assigned a color score of 3 of 4 by all examiners.
Although our study was not designed to assess the diagnostic performance of the IETA color score, our data suggest that this color score could add additional information for the diagnosis of endometrial lesions. It would be interesting to assess whether the use of vascular patterns 5, 10 could further add valuable information or whether the use of these patterns could be superior to this simple IETA color score.
In summary, our findings suggest that the reproducibility of assigning the IETA color score for assessing endometrial vascularization using 3D volumes is high regardless of the experience of the examiner. However, we are aware that our results might have been overestimated because of the study's design. 
